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INTRODUCTION 

The purpose of this study was to develop a plan for 
reducing electrical energy consumption at Kansas Army 
Ammunition Plant (KAAP) through the use of properly-sized 
and energy efficient electric motors.  An inventory was to 
be performed of all KAAP electric motors rated greater than 
one-quarter horsepower and pertinent motor data and 
applications were to be recorded.  The information compiled 
was to be used to determine where deficiencies exist and to 
develop a means for orderly elimination of those 
deficiencies.  A comparison was to be made involving the 
applicability of high efficiency electric motors versus 
standard models at KAAP.  A determination was to be made 
relative to the value of standardizing motors for specific 
applications. 

There are presently 1,985 electric motors at KAAP that 
have a rating greater than one-quarter horsepower.  Of 
these, 854 are active and 1,131 are inactive.  Due to the 
diversity of the load, assemble, and pack operations and 
various support equipment, these motors range in size up to 
400 horsepower with annual electricity costs ranging up to 
$24,000. 

STUDY PROCEDURE 

The initial phase of this study involved reviewing the 
production history of KAAP, researching for sources of KAAP 
electric motor information, reviewing the normal practice 
for procurement of motors, assessing the types of motor 
applications that would be involved, assigning maintenance 
and engineering personnel to the study, and purchasing 
equipment. 

The second phase primarily consisted of performing the 
motor inventory and recording pertinent motor data. 
Manufacturer literature was collected during this phase 
also. 

The third phase of this study concentrated on 
analyzing the motor data obtained in the second phase and 
the manufacturer information received.  Raw motor data was 
organized, edited, and entered onto computer files to 
facilitate further analysis and preparation of the final 



report.  During this phase, data omissions were noted and 
additional field work performed. 

The final phase involved preparation of tables and 
other support data for the final report. 

KAAP PRODUCTION HISTORY AND CURRENT STATUS 

The Secretary of War authorized the feasibility study 
and the preparation of the development package for KAAP, 
originally identified as the Kansas Ordnance Plant, on 31 
May 1940.  On 4 August 1941, the Secretary authorized the 
construction of three load lines, one each for the 105-mm 
artillery projectile, the 155-mm artillery projectile, and 
the 100-pound bomb.  Also authorized was construction of 
facilities for:  production of fuzes, boosters, detonators, 
and primers for the foregoing ammunition; manufacture of 
amatol and ammonium nitrate; administrative, maintenance, 
and support activities; and the necessary utilities. 

Initial production began in July 1942 and continued 
until August 1945.  During this period, artillery 
ammunition, bombs, and components for artillery projectiles 
(such as fuzes, boosters, detonators, relays, and primers) 
were assembled and ammonium nitrate was produced.  The 
plant was placed on a standby basis in September 1945 and 
continued on this basis until August 1950. 

During August 1950 the Ordnance Corps issued 
instructions for partial reactivation of the plant.  By 
September 1954 all production lines had been reactivated, 
and the ammonium nitrate area had been converted to a 
cartridge case rework area.  Items produced consisted of 
bombs, artillery ammunition and component parts, and 
reworked 105-mm cartridge cases.  Subsequent to the signing 
of the Korean Truce, production schedules gradually 
diminished.  Upon completion of production orders, the 
applicable area was decontaminated and laid away.  The 
layaway of the last active production line was completed in 
July 1957.  The plant was again placed on a standby basis, 
and continued on this basis until December 1966. 

During December 1966, the Ordnance Corps issued 
instructions for reactivation of the plant in support of 
the Southeastern Asia situation.  This reactivation 
operation commenced in early 1967.  With the exception of 
the cartridge case rework area, all production facilities 



were activated.  The 100-pound demolition bomb line (1100 
area) was converted to a cluster bomb unit (CBU) line, the 
105-mm artillery projectile line (900 area) was equipped 
for loading 81-mm mortar cartridges, and the 155-itun 
artillery projectile line (1000 area) was converted to a 
105-mm artillery projectile line.  Items produced consisted 
of cluster bomb units, 105-mm artillery projectiles, 81-mm 
mortar cartridges, detonators, fuzes, primers, and lead cup 
assemblies. 

Following cessation of the Southeast Asia situation, 
production schedules gradually diminished again.  Upon 
completion of the production orders, the applicable area 
was decontaminated and laid away.  By 1975 five of the 
eight production lines had been placed in an inactive 
state.  Another production area (105-mm artillery 
projectile) remained active until June 1978, when it was 
placed in an inactive state.  A lead azide production 
facility (3000 area) was completed in Septemer 1968, 
partially tested, and placed in an inactive state during 
1971. 

The production and support facilities at KAAP are 
identified by their location in numbered areas (fig. 1).  Buildings 
having a number between 900 and 999, for example, are 
located in the 900 area.  The 100 area houses the 
administration offices, safety and security offices, 
hospital, communications center, and the laundry.  The 200 
area includes the maintenance shops, warehousing, and 
offices for the equipment and property control and 
maintenance supervision staffs.  The 300 area operates on a 
one-shift (1-8-5) production schedule to load, assemble, 
and pack the projectile M483.  A short term shell rework 
project is operating on a separate shift (1-8-5) at this 
time but will terminate in September 1982.  The 500 area is 
in layaway status at this time but has been used to load, 
assemble, and pack the artillery fuzes M716 and M717.  The 
700 area operates on a one-shift (1-8-5) production 
schedule to load, assemble, and pack the detonator M55 and 
expulsion charges.  The 800 area is in layaway status at 
this time but would be reactivated during mobilization to 
load, assemble, and pack the artillery primer M28B2.  The 
900 area is in partial layaway status at this time.  A 
rework operation utilizes three buildings on a single shift 
(1-8-5) basis.  During mobilization, this line is scheduled 
to load, assemble, and pack the 81-inm mortar cartridge. 
The 1000 area is in layaway status at this time but is 
scheduled to load, assemble, and pack the 105-mm projectile 
during mobilization.  The 1100 area is in partial layaway 
status at this time with several buildings being used to 
support production of the Anti-Armor Cluster Munition. 
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Figure 1.  Map of Kansas Army Ammunition Plant (KAAP) 



During mobilization, this line is scheduled to load, 
assemble, and pack the CBU 58B and 71,  The 1200 area is in 
layaway status at this time but has been used to produce 
ammonium nitrate and for cartridge rework operations.  The 
1400 area is in partial layaway status at this time.  This 
area provides warehousing for inert components and 
materials used in the production operations.  The 2000 area 
is used for reliability testing of M42 and M46 grenades in 
support of the 300 area production.  The 2100 area contains 
the facilities for the production of potable water.  The 
2200 area contains the facilities for treatment of sanitary 
sewage wastewater.  The 3000 area is in layaway status at 
this time but is scheduled to produce dextrinated and 
RD-1333 lead azide during mobilization. 

Some facilities are not located within the above 
described areas.  These buildings carry numbers less than 
100.  Buildings referred to in this report include: 
Building 52 - Fire Station; Building 53 - Receiving and 
Inspection; Building 57 - Physical Test; Building 58 - Gage 
and Chemical Laboratories; Building 60 - Yardmaster's 
Office; and Building 80 - Dunnage Shop. 

MOTOR HISTORY 

As KAAP production schedules have varied during the 
past 40 years, so have the numbers, sizes, types, and 
applications of electric motors.  Following World War II, 
nearly all motors were laid away.  These motors were then 
reactivated to support production during the Korean 
Conflict.  Some motors were added at that time.  Again, 
nearly all motors were laid away following cessation of the 
Korean Conflict.  During the period of 1957 to 1966 very 
few motors were active at KAAP.  In support of production 
for the Southeast Asia situation, nearly all motors were 
reactivated.  Modernization and expansion projects resulted 
in the addition of a large number of motors to the KAAP 
inventory, especially in the 900, 1000, 1100, and 3000 
areas.  Conversion in 1976 of the 300 area for production 
of the 155-mm, M483 projectile added many motors to the 
KAAP inventory.  Current construction, modernization, and 
expansion projects will impact similarly. 

One alternative to motor replacement that has been 
employed at KAAP is rewinding problem motors.  Several 



hundred motors have been rewound during the past 15 years 
alone.  Many were rewound prior to that period as well. 
This contributed to the current situation where installed 
motors range in age from new to 40 years. 

MOTOR PROCUREMENT PRACTICE 

The current practice for procuring electric motors at 
KAAP is as follows.  An individual budget responsible 
manager notes that a motor is required.  A purchase 
requisition is then prepared detailing the exact 
specifications for the replacement or newly-required motor. 
During normal processing, the purchase requisition is 
reviewed by an electrical engineer in the Project and 
Facilities Engineering Division of Day & Zimmermann, Inc. 
(D&Z) for suitability for the application.  At this point, 
an alternative motor may be recommended for any one of 
several reasons.  The purchase requisition is then 
processed by the Purchasing Department of D&Z and motor 
suppliers are contacted. 

The additional screening by the electrical engineer is 
a requirement started in 1979 to improve motor selection. 
Factors such as energy efficiency, power factor, service 
factor rating, and design improvements can be overlooked 
quite easily by budget responsible managers who 
infrequently procure electric motors and who, in some 
cases, have little technical expertise in motor selection. 
This step also can result in a recommendation that the 
motor in question be rewound in-house rather than replaced. 

KAAP ELECTRICAL SYSTEM 

Electricity for KAAP is purchased from the Kansas Gas 
and Electric Company.  The main substation is served by 
three-phase, 60-cycle, 66-kilovolt primary power.  The 
electricity is transmitted throughout the plant via 
7,200/12,470 volt, three-phase, grounded "Y" connections. 

The following services are provided at various 
locations with most major areas being served by several 
types:  120 volt, single phase; 120/208 volt, three-phase; 



120/240 volt, single phase; 240/480 volt, three-phase; 
277/480 volt, three-phase; and 480 volt, three-phase. 

A limiting factor, in some instances, can be service 
type available when replacement motors are being selected. 
Major changes in service types are not normally 
economically feasible just to permit operation of certain 
types of motors.  This should not be totally discounted, so 
this will be given consideration for future multiple motor 
changes. 

ELECTRIC MOTOR EFFICIENCY IMPROVEMENT ALTERNATIVES 

There is no single, simple solution to reducing 
electric motor energy consumption and cost.  The total cost 
of electrical service can include usage (kilowatt-hour) 
charges, demand (kilowatt) charges, and power factor 
penalty charges.  No single method is the best solution for 
reducing these expenses and energy waste.  Improved motor 
energy consumption may be achieved by use of more efficient 
motors, use of energy efficiency improvement devices such 
as power factor controllers, use of higher speed motors in 
some instances, use of motors with lower horsepower 
ratings, use of motors designed specifically for the 
application, and use of more efficient driven equipment. 

Four of the six alternatives above require replacing 
the existing motor with another having superior 
characteristics.  This, then, requires that the electricity 
savings amortize the cost of purchasing and installing the 
replacement motor within a reasonable time period.  One 
alternative requires installation of power factor 
improvement equipment for the existing motor.  This, too, 
requires that the electricity savings amortize the purchase 
and installation costs within a reasonable time period. 
The remaining alternative involves replacement or 
maintenance of the driven equipment such that the motor 
load is reduced.  Satisfactory amortization is a necessity. 

To improve motor efficiency by installation of a 
different motor is normally quite simple.  Determining the 
actual efficiency gain in advance is not.  Design 
efficiencies of electric motors vary with motor type and 
size and have changed through the years as electricity and 
motor hardware costs have changed.  Very few manufacturers 
list efficiency data in their sales catalogs.  Those 
including this data do so only for full load situations. 



Thus, it is difficult to compare motor efficiencies without 
actual operation data.  To improve motor efficiency 
manufacturers may use more iron and copper in the motor, 
use thinner but more expensive insulation, require closer 
tolerances, and/or improve workmanship.  High efficiency 
motors are designed to minimize internal losses for 
applications requiring the rated design load, or close to 
it, for most of the duty cycle.  When motor load is 
reduced, the electromagnetic effects within the motor don't 
reduce correspondingly and the internal losses are 
proportionally higher.  Therefore, low load efficiency is 
still poor. 

Discussion of replacing motors at KAAP having low 
efficiencies with more efficient motors is included 
starting on page 14.  The principal deterrent to this 
alternative is expected annual electricity savings. 
Another problem is determining the actual efficiency 
improvement to be expected.  This is compounded by the wide 
range of sizes, motor types, ages, applications, and hours 
of operation.  Another complication involves 
explosion-proof motors which are the dominant type at KAAP. 
No manufacturers could be found that offered both standard 
and high efficiency explosion-proof motors which would 
permit direct comparison of the rated efficiencies and the 
corresponding purchase cost increase.  One manufacturer 
maintains that its motor line is designed to be more 
efficient than the standard motor lines available from 
other sources; but since the other manufacturers tend to 
not provide efficiency data, direct comparison  was not 
possible. 

To improve motor efficiency by installation of 
electrical devices such as capacitors is quite simple in 
theory but determining the actual energy and cost savings 
is not.  Power factor improvement is the goal of this 
alternative.  Power factor is the ratio of electrical power 
used by a motor to perform useful work to the total power 
drawn from the utility line.  Capacitors, for example, 
supply reactive power to inductive equipment (motors) to 
reduce the need to draw this power directly from the 
utility line.  This raises the power factor, reduces the 
current, and the kilovolt-ampere demand decreases somewhat. 
Capacitors help to reduce electrical load through reduction 
of the motor heat load by lowering the current.  Also, as 
current decreases, distribution system losses become 
smaller and plant distribution voltage drops decrease. 

Power factor controllers are designed to improve power 
factor by sensing the load on the motor and modifying the 
applied voltage so that the motor draws nearly full load 



current at full load power factor, but at a reduced 
voltage.  Core losses and copper losses are reduced while 
full load motor speed remains nearly constant.  The 
availability of power factor controllers for use with three 
phase motors has been a limiting factor in application at 
KAAP.  This is a relatively recent technological 
development so extensive field data is not available. 
Manufacturers developing three-phase controllers found that 
their early designs tended to create serious instability 
problems in electric motors causing them to vibrate 
violently.  These situations are not conducive to use in 
explosive production operations.  Controller cost has been 
another factor limiting application as a 10 horsepower, 
three-phase controller, for instance, costs between $400 
and $850. 

Motor efficiency improvement through application of 
capacitors and power factor controllers is not a prime 
alternative for several reasons.  The principal reason is 
that there is no direct charge in the electicity billing at 
KAAP for low power factor.  Savings would be limited to the 
minor motor efficiency improvement that could be achieved 
and reduction of some indirect costs, such as electrical 
hardware requirements, through the freeing of some 
kilovolt-ampere capacity for use by added equipment. 
However, specification of power factor improvement devices 
on replacement or newly-required large motors may be 
justified and thorough investigation is recommended for 
future motor changes.  Many motors, such as those on 
portable shop equipment, do not permit simple power factor 
improvement.  Low power factor is frequently due to the 
nature of the applied load causing light loading during 
much of the period of operation.  This is best improved 
through installation of power factor controllers but the 
electricity cost savings must allow amortization of the 
device purchase and installation cost within a reasonable 
time period. 

To improve motor efficiency by increasing motor speed 
is not a major opportunity at KAAP.  Most motors have been 
selected to operate at the correct or best speed for the 
application.  Most motors of each rating category operate 
at or near 1750 revolutions per minute with few motors 
operating at far lower or higher speeds unless required by 
the application.  Efficiency improvement based on motor 
speed increases alone should range from one to three 
percent based on motor size and type.  This small increase 
is generally not sufficient to amortize the necessary 
investment.  However, when added to the specifications for 
replacement or newly-required motors some additional 
justification is possible for thorough investigation of 



this alternative. 

To improve motor efficiency through the use of motors 
having lower horsepower ratings is possible at KAAP.  Some 
motors may have been oversized for their application.  This 
is not a major problem, though, so few motor locations 
provide economic justification for replacement.  Care in 
specifying routine replacement motors, in recent years at 
least, has contributed to the limited utility of this 
alternative.  Most motors currently active were specified 
for the function they are currently serving, therefore, 
only minor efficiency improvement for this type of change 
is probable. 

To improve motor efficiency through application of 
motors specifically designed for the various applications 
is a minor alternative for energy reduction at KAAP as most 
motors have been selected for their current applications on 
that basis.  Some minor improvement in general purpose and 
support area motors might be realized but significant 
energy and cost savings are not probable.  Replacement with 
higher efficiency motors of the same size and type would 
produce greater savings at about the same expense. 

To improve motor efficiency by modifying the driven 
equipment in some way to reduce the actual power 
requirement is quite complex.  Each motor installation 
would be different from any other although repetitive 
production operations with identical motors could be 
similar.  Load reduction through improved maintenance of 
the driven equipment might be achieved in some cases but 
determination of actual savings and increased operating 
expense would be very difficult.  Load reduction through 
replacement of faulty driven equipment is another 
possibility but opportunities for such changes were not 
observed during the data gathering phase of this study. 

KAAP MOTOR INFORMATION 

To fully assess the utility of a specific motor, many 
factors must be considered.  For this study the following 
motor data were accumulated:  location, function, 
horsepower, nameplate voltage(s), nameplate amperage(s), 
speed, phase type, frame size, motor type, metered 
amperage, annual hours of operation, and approximate annual 
cost of electricity to operate each motor.  This data was 
used to determine the technical and economical potential 
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for motor replacement or other actions which would result 
in reduced electrical demand.  The information presented 
in this report is sufficiently accurate to define the 
magnitude of effort required to substantially reduce 
electrical usage and to identify the motors that can be 
economically modified or replaced. 

Listings of the active motors at KAAP in order by 
building number (location) and then by horsepower rating 
within each building are included as Appendixes A and B. 
Listings of the inactive motors at KAAP in the same order 
are included as Appendixes C and D.   Computer limitations 
necessitated putting only about one-half of the total motor 
data on a single computer file.  Therefore, motors located 
in the 100, 200, 300, 500, 700, 800, 900 and General Areas 
are listed in Appendixes A and C  while those in the 1000, 
1100, 1200, 1400, 2000, 2100, 2200, and 3000 Areas are 
listed in Appendixes B and D, 

All motor information, except hours of operation and 
electricity cost, was recorded by the electricians in the 
field.  Metered amperages were determined by use of 
clamp-on ammeters.  The recorded annual hours of operation 
for each motor was provided by plant personnel familiar 
with the normal duty cycle of each motor.  As these values 
are estimates, there may be some sizeable discrepancies. 
Still, the apparent magnitude should be sufficiently close 
to actual to have an adequate confidence level in the 
results. 

The annual cost of electricity to operate the motors 
was based on an average charge of four cents per 
kilowatt-hour.  Metered amperage times line volts times 
annual hours times four cents per kilowatt-hour was used 
for calculating annual electricity costs for single phase 
motors.  The factor 1.732 was used for three-phase motor 
calculations.  Annual cost would increase proportionately 
if any of the above factors were to increase.  The costs 
listed are based on constant loading such that the metered 
amperage would be required during all hours of operation. 
This, of course, is not completely accurate for most 
motors.  But, the resulting costs can be used to indicate 
the maximum annual cost that could be expected so long as 
the electricity charge and hours of operation remain 
unchanged. 

Additional motor information that could have been 
listed includes:  motor manufacturer, year of manufacture, 
apparent power factor and whether or not the motor is of 
the explosion-proof type.  This data can have a bearing on 
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selection qf replacement motors and related costs. 

An inventory of motors by manufacturer would be 
interesting to review but would be of minor importance in 
developing a motor replacement plan.  Some motor 
manufacturers produce motors that are not identical to 
those having the same catalog description that are produced 
by other manufacturers.  This problem will need to be 
handled on an individual motor basis. 

An inventory by year of manufacture would also be 
interesting to review but would not be of great value in 
developing a motor replacement plan.  Due to the cyclical 
nature of production at KAAP it is possible to have a 30 
year old motor with fewer total hours of operation than a 
five year old motor.  This is especially true when the 
newer motor is serving a function requiring near-continuous 
operation while the older motor has intermittent usage. 
The large number of motors that have been rewound add to 
the confusion in determining which motors have had the most 
extensive life. 

Discussion of the relatively minor opportunity for 
energy reduction through application of power factor 
improvement devices was included under Electric Motor 
Efficiency Improvement Alternatives starting on page 9. 

A record of which motors require explosion-proof 
construction was not maintained.  Nearly all motors in 
production buildings at KAAP are required to be of this 
type.  For replacement planning, this must be considered, 
but little effort is required to determine whether or not 
the relatively few motors for which replacement is 
recommended are of this type. 

Table 1 on page 19 summarizes the range of electricity 
cost for operating motors at KAAP and provides the number 
of motors within each given range of annual cost.  Slightly 
more than one-half of the active motors have a cost of $50 
or less.  Fewer than ten percent have costs in excess of 
$300 while only 3.2 percent have costs in excess of $1,000. 
Table 2 on page 22 summarizes the range of annual hours of 
operation for active motors and provides the number of 
motors within each given range of hours.  Nearly one-half 
of the motors operate fewer than 500 hours annually.  The 
above facts are directly responsible for the fact that few 
motors at KAAP can be economically modified or replaced 
with more efficient motors based on current electricity 
costs. 
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The prevalence of low annual operating costs is due 
somewhat to the large number of fractional horsepower 
motors.  Of the active motors, 35.6 percent are rated at 
one-third or one-half horsepower, 50.9 percent are rated at 
one horsepower or less, and only 11.2 percent are rated 
greater than five horsepower.  These percentages would not 
change significantly if all inactive motors were 
reactivated. Table 3 on page 21 provides the number of 
active, inactive, and total motors of each horsepower 
rating and the corresponding percentage of the total each 
rating represents. 

Explosion-proof motors are predominate in the 
production areas.  Since more than half of the currently 
active motors are located in production areas it is evident 
that high efficiency explosion-proof motors are important 
to energy reduction potential at KAAP.  If all inactive 
motors were to be reactivated, four out of five motors 
would be located in production areas.  Table 4 on page 23 
provides the number of active, inactive, and total motors 
located in each area and the corresponding percentage of 
the total each represents. 

ECONOMIC EVALUATION OF MOTOR CHANGES 

The methods of increasing motor efficiency were 
discussed above under Electric Motor Efficiency Improvement 
Alternatives.  The largest efficiency improvement should be 
obtained by installing a replacement motor that has been 
designed to operate more efficiently than that presently 
installed.  Speed changes, power factor improvement, 
switching to a smaller horsepower motor, changing to motor 
design, and modifying the driven equipment were 
alternatives considered but which, in the normal case, 
provide a smaller efficiency improvement than does motor 
replacement while the cost of change would be similar. 
Therefore, to simplify identification of motors which may 
allow economical energy reduction, the selection criteria 
used below is based on replacing the existing standard 
motors with higher efficiency replacement motors of the 
same horsepower, speed, frame size, and type. 

The differential purchase cost between standard and 
high efficiency electric motors is dependent on the motor 
rating, frame size, type, electric service used (120 volt, 
single phase versus 240/480 volt, three-phase), and motor 
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speed.  The differential purchase cost, for example, tends 
to increase as horsepower rating increases.  The 
differential efficiency improvement achievable also varies 
somewhat with motor type and rating.  For example, the 
efficiency gain tends to decrease as horsepower rating 
increases. 

In order to establish the magnitude of potential for 
replacing motors, a single type has been used for screening 
purposes.  The type selected is totally-enclosed, 
fan-cooled, which is representative of many motors at KAAP. 
Table 5 provides a summary of the annual present 
electricity costs for each motor rating that would be 
required so that the energy saved by improving the motor 
efficiency by the percentage listed would result in 
adequate cost savings to amortize the purchase and 
installation costs within a reasonable period of time. 

Three basic replacement alternatives were considered. 
First, replacement when the present motor fails.  The 
differential cost in this case is limited to purchase cost 
of the motor as the installation cost would be required 
anyway.  Second, replacement, at this time, of a low 
efficiency motor that is operating satisfactorily 
otherwise.  In this case the differential cost is motor- 
purchase cost plus installation cost.  A simple economic 
breakeven payback period of three years was chosen as the 
selection base for these two alternatives to be 
representative of the criteria used when production funds 
are used.  Third, replacement through the Energy 
Conservation and Management (ECAM) program.  This program 
is commonly used to procure, install, or modify facilities 
and/or equipment when energy savings are adequate to meet 
the program criteria.  A discounted benefit to cost ratio 
of one or more is required and a ratio of mega BTU's saved 
annually to thousands of dollars invested equal to or 
greater than 13 is required at this time for the plan of 
action to be accepted.  A four year planning cycle is the 
disadvantage to using ECAM funds for projects of the type 
being considered. 

In Table 5, cost differential is based on average 
manufacturer prices for each motor rating.  Efficiency 
improvement is based on averaging manufacturer information. 
Energy savings percentages were calculated by use of the 
equation:  S = 100/EA - 100/EB where S = energy savings, 
EA = standard motor efficiency, and EB = replacement motor 
efficiency.  The quantity EB - EA is equal to the 
efficiency improvement listed.  For the case where a 
currently installed motor is to be replaced prior to 
failure, gross installation costs have been included.  This 
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cost was set at $100 minimum for motors up to three-quarter 
horsepower, $200 minimum for motors between one and five 
horsepower, and $800 minimum for motors of seven and 
one-half and ten horsepower.  Installation costs for motors 
larger than 10 horsepower must be evaluated separately as 
few locations and applications are similar; therefore, no 
figures for motors over 10 horsepower are provided in Table 
5 for alternatives two and three.  However, the findings 
for the smaller motors should also apply. 

A comparison of the minimum annual costs listed in 
Table 5 to the costs listed in Appendixes E and F,  which 
list the motors by increasing annual cost, finds that few 
motors qualify for economic replacement.  For the first 
alternative, a total of 31 motors appear to qualify.  All 
but eight of those motors are of the explosion-proof type 
so actual efficiency improvement and cost savings can be 
questioned.  For the second alternative, no motors qualify. 
For the third alternative, 17 motors appear to qualify but 
all are of the explosion-proof type.  A summary of the 
motors that qualify, sorted by horsepower rating, is 
provided as Table 6.  Table 7 lists the recommended 
replacements for the 31 motors qualifying for replacement 
using Alternative 1 of which 17 also qualify using 
Alternative 3.  As Balder was the only manufacturer found 
claiming to produce energy efficient explosion-proof 
motors, all motors recommended show the Baldor data 
including full load efficiency.  Follow-up action has been 
initiated by KAAP staff to further evaluate these motors 
prior to seeking funds to procure replacement motors. 

MOTOR DEFICIENCIES 

Among the motor data included in Appendixes A and B 
are values for motor current to be expected at full load 
and the current metered during normal operation.  By 
comparing these values for each motor it is possible to 
identify those motor installations where the actual load is 
greater than full load according to the nameplate.  In some 
instances this excessive loading is due to the motor being 
operated at a voltage slightly different than that given on 
the nameplate.  Another reason for  apparent excessive 
loading is that most motors are subject to a service factor 
rating which permits overloads of 15 to 35 percent 
depending on motor rating and type.  Most explosion-proof 
motors have a service factor of 1.0 but some are rated at 
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1.15. 

Of the 854 active motors, a total of 34 appear to be 
loaded excessively based on the data in Appendixes A and B 
when the above qualifications are considered.  Only 11 of 
those 34 have an annual electricity cost in excess of $50. 
Seven of those motors are connected to air compressor units 
which are normally designed to operate at near full load 
during the duty cycle so minor overloading is not uncommon. 
Follow-up action has been initiated by KAAP staff to 
further evaluate the remaining motors prior to seeking 
funds to procure replacement motors.  In-house rewinding 
will be considered where applicable. 

STANDARDIZATION OF MOTORS 

One method of reducing overall motor cost is to 
minimize the number of motor types and sizes required.  A 
major benefit is that fast replacement of problem motors 
would generally be possible by having inactive motors of 
the same description in-plant.  This would be especially 
helpful for motors that normally have a long delivery 
period.  Another benefit is that manufacturers can offer 
price discounts when a sizeable number of identical motors 
are being purchased.  Manufacturers can also construct 
motors with improved operational characteristics if the 
purchaser has a need for a sizeable number of identical 
motors and is willing to accept the longer delivery period 
and higher purchase price.  Maintenance performed by plant 
personnel would be simplified to some degree due to a 
smaller number of motor types. 

The principal limitation to standardizing motors at 
KAAP is the wide variety of applications of motors due to 
the diverse nature of ammunition load, assemble, and pack 
operations.  The information on motor functions provided in 
Appendixes A, B, C, and D  indicated that there are few^ 
common types of motor applications.  Motors on production 
equipment have normally been selected specifically for the 
function being served so replacement with a motor of 
different rating, speed, frame size, or phase type is not 
normally a wise decision and, in some cases, cannot be 
done.  The requirement for explosion-proof construction for 
about one-half of the active motors reduces the potential 
for standardization greatly.  Potential for standardization 
is minimal for motors rated greater than five horsepower as 
most of those motors have special applications and there 
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are relatively few motors of each horsepower rating. 

Actual energy cost savings and maintenance savings 
must provide adequate economic advantage to justify motor 
relacement for standardization purposes.  This economic 
payback is not possible for most motor applications due to 
the small percentage of efficiency improvement that would 
be achieved and the predominance of annual electricity cost 
below $200 (72.8 percent).  Therefore, overall 
standardization of motors at KAAP is not recommended. 
Current government buying regulations and practices do not 
lend themselves to standardization, particularly where the 
equipment is procured and installed under Corps of 
Engineers contracts.  Current standards are that "low bid" 
takes .precedence over energy efficiency. 

CONCLUSIONS 

1. Current electric motor usage, repair and replacement 
practices at Kansas AAP are cost effective and energy effi- 
cient over the life-cycle of the equipment. 

2. Reduction of energy consumption by replacement of motors 
with premium priced, higher efficiency motors was examined. 
Only 31 out of 854 active motors surveyed qualified for 
economic replacement when the present motor fails.  No motors 
qualified for immediate replacement since the expected re- 
duction in operating costs could not amortize the cost of a 
new motor in any reasonable length of time. 

3. Standardization of motors and efficiency improvement 
through application of capacitors and power factor controllers 
were considered and determined not to be cost effective. 

4. Care in specifying replacement motors over the years has 
resulted in very few motors which are oversized for their 
application.  Corrective action will be taken in these few 
instances. 

17 



Table 1. Summary of annual electricity costs3 

Annual 
electricity 
cost ($) 

Number 
of 

motors 

438 

Percentage 
of 

total 

0-50 51.2 

51-100 92 10.8 

101-200 92 10.8 

201-300 53 6.2 

301-400 18 2.1 

401-500 9 1.1 

501-1000 24 2.8 

1001-2000 9 1.1 

2000 and up 18 2.1 

Undetermined ^ 101 11.8 

TOTAL 854 100.0 

Based on H  per kilowatt-hour electricity 
charge. 

Electricity cost is undetermined due to missing 
motor data. Examples include sump pump motors 
and exhaust fans where nameplates were inac- 
cessible. 



Table 2. Summary of annual hours of operation 

Number 
of 

hours 

Number 
of 

motors 

15 

Percentage 
of 

total 

0-99 1.8 

100-500 371 43.4 

501-1000 177 20.7 

1001-2000 180 21.1 

2000 and up 91 10.7 

Undetermined* 20 2.3 

TOTAL 854 100.0 

*Annual hours were not determined as most of 
these motors are used to support a short 
term engineering project. Therefore, these 
are not eligible for replacement. The usage 
of the remaining motors is very limited. 
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Table 3. Summary of active, inactive, and total motors sorted by horse- 
power rating 

Number Number 
of  Percentage Number of Percentage of  Percentage 

Horsepower active of inactive of total of 
rating   motors total motors total motors total 

1/3     158 18.5 102 9.0 260 13.1 

1/2     146 17.1 183 16.2 329 16.6 

3/4      66 7.7 117 10.3 183 9.2 

1 65 7.6 166 14.6 231 11.6 

1-1/2     32 3.8 79 7.0 111 5.6 

2 56 6.6 60 5.3 116 5.8 

2-1/2      0 0.0 2 0.2 2 0.1 

3 40 4.7 72 6.4 112 5.6 

4 2 0.2 0 0.0 2 0.1 

5 94 11.0 130 11.5 224 11.3 

7-1/2     36 4.2 50 4.4 86 4.3 

10      24 2.8 31 2.7 55 2.8 

15      16 1.8 28 2.5 . 44 2.2 

20       3 0.4 9 0.8 12 0.6 

25       3 0.4 20 1.8 23 1.2 

30       0 0.0 11 1-0 11 0.6 

40       0 0.0 4 0.4 4 0.2 

50       2 0.2 6 0.5 8 0.4 

75       3 0.4 2 0.2 5 0.3 

100       4 0.5 7 0.6 11 0.6 

125       1 0.1 7 0.6 8 0.4 

150       1 0.1 0 0.0 1 0.0 

200       2 0.2 1 0.1 3 0.3 
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Table 3. (cont) 

Number Number 
of Percentage Number of Percentage   of Percentage 

Horsepower active    of inactive of total    of 
rating   motors   total motors total motors   total 

250 0 .   0.0 1 0.1 1 0.0 

400 1 0.1 0 0.0 1 0.0 

Undetermined 99 11.6 43 3.8 142 7.1 

TOTAL      854    100.0    1,131     100.0    1,985    100.0 

* Horsepower rating of these motors was not available. Examples include 
sump pump motors and exhaust fans where nameplates were inaccessible. 

21 



Table 4. Summary of active, inactive, and total motors sorted by 
location 

Number 
of           Number of Number of 

active Percentage inactive  Percentage total   Percentage 
Area   motors  of total  motors   of total motors  - of total 

General 39 4.6 0 0.0 3$ 3.0 

100 57 6.7 4 0.4 61 2.1 

200 220 25.8 9 0.8 229 11.5 

300 253 29.6 7 0.6 260 13.1 

500 2 0.2 51 4.5 53 2.7 

700 107 12.5 1 0.1 108 5.4 

800 5 0.6 60 5.3 65 3.3 

900 36 4.2 192 16.9 228 11.5 

1000 14 1.7 309 27.3 323 16.2 

1100 30 3.5 251 22.2 281 14.2 

1200 2 0.2 19 1.7 21 1.1 

1400 37 4.3 4 0.4 41 2.0 

2000 2 0.2 0 0.0 2 0.1 

2100 18 2.1 2 0.2 20 1.0 

2200 21 2.5 1 0.1 22 1.1 

3000 11 1.3 221 19.5 232 11.7 

TOTAL     854    100.0    1,131     100.0    1,985     100.0 
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APPENDIX A 

ACTIVE MOTORS SORTED BY LOCATION AND BY HORSEPOWER RATING AT EACH LOCATION 
BUILDING NUMBERS BELOW 999 
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APPENDIX B 

ACTIVE MOTORS SORTED BY LOCATION AND BY HORSEPOWER RATING AT EACH LOCATION 
BUILDING NUMBERS ABOVE 1000 
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APPENDIX  C 

INACTIVE MOTORS SORTED BY LOCATION AND BY HORSEPOWER RATING AT EACH LOCATION 
BUILDING NUMBERS BELOW 999 
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APPENDIX D 

INACTIVE MOTORS SORTED BY LOCATION AND BY HORSEPOWER RATING AT EACH LOCATION 
BUILDING NUMBERS ABOVE 1000 
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APPENDIX E 

ACTIVE MOTORS SORTED BY INCREASING ANNUAL ELECTRICITY COST 
BUILDING NUMBERS BELOW 999 
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APPENDIX F 

ACTIVE MOTORS SORTED BY INCREASING ANNUAL ELECTRICITY COST 
BUILDING NUMBERS ABOVE 1000 
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